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(57) ABSTRACT

Production of bitumen from bitumen froth can include
separating the froth imto a solvent diluted tailings and

solvent diluted bitumen, and then the diluted tailings can be
treated to recover solvent for reuse 1n the froth separation.
The solvent recovery from tailings can employ a distributor
for use 1 a tailings solvent recovery umt (TSRU). The
distributor can include slot-shaped pressure let-down aper-
tures and a closed curved end portion to introduce the
tailings into a separation vessel. The distributor construction
can have various advantages, such as facilitating manufac-
turing as well as eflective mitigation of pre-tlashing and
solids segregation 1ssues, for enhanced bitumen production
and solvent recovery operations.
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BITUMEN PRODUCTION WITH SOLVENT
SEPARATION FROM TAILINGS USING
DISTRIBUTOR CONSTRUCTIONS AND

TECHNIQUES

TECHNICAL FIELD

The technical field generally relates to techniques for
producing bitumen wherein the process includes solvent
addition to bitumen froth to produce solvent diluted bitumen
and solvent diluted tailings, which 1s itroduced and distrib-
uted 1nto a flash vessel of a taillings solvent recovery unit
(TSRU) that 1s part of the overall bitumen froth treatment
operation.

BACKGROUND

Recovering solvent from solvent diluted tailings has vari-
ous challenges. Solvent diluted tailings are often derived
from extraction operations that use solvent to aid in the
separation of the valuable product, such as bitumen, from
other components of an ore.

In bitumen extraction operations, various stages of the
bitumen extraction can include the addition of hydrocarbon-
based solvent to a bitumen-containing mixture in order to
produce solvent diluted bitumen and solvent diluted tailings.
For instance, o1l sands ore can be subjected to primary
extraction where the o1l sands ore 1s mixed with water and
the resulting slurry 1s supplied to a primary extraction
system that produces tailings and bitumen froth. The bitu-
men froth can then be subjected to secondary extraction that
involves the addition of solvent to the bitumen froth. Sec-
ondary extraction can also be referred to as “froth treatment™
and may include the addition of paratlinic solvent, naph-
thenic solvent (often referred to as “diluent”), or other
hydrocarbon-based solvents. The bitumen froth includes
water and mineral solids that should be removed 1n order to
produce a bitumen stream that can be stored and pipelined.
Such solvent-assisted extraction can be carried out 1n a froth
separation unit (FSU) and enables water and mineral solids
to be substantially removed from the bitumen froth. The
FSU thus produces solvent diluted bitumen and solvent
diluted tailings.

Solvent diluted tailings, which may be produced as an
underflow stream of the FSU, can include water, mineral
solids, residual bitumen, as well as precipitated asphaltene-
contaiming flocs or aggregates when certain precipitation
solvents (e.g., paratlinic solvents) are used. Recovering the
solvent typically involves supplying the solvent diluted
tailings to one or more separation vessels, which are part of
a tailings solvent recovery unit (I'SRU) and are operated so
that the solvent vaporizes and 1s recovered as an overhead
stream while the other less volatile components including
water and mineral solids are recovered as a solvent depleted
underflow stream.

However, introducing the solvent diluted tailings into the
separation vessels of the TSRU can be challenging. For
instance, the solvent diluted tailings include solid mineral
particles that can increase the wear on equipment particu-
larly 1n the context of vapour-slurry separation. Premature
flashing of the solvent 1n the feed stream prior to 1mtroduc-
tion into the chamber of the separation vessel accelerate the
solids and cause significant erosion of the inlet equipment.
Introducing multiphase streams, such as solvent diluted
tailings, for separation of a volatile component from a liquid
or slurry component can also be challenging due to complex
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2

fluid dynamics and mass transfer phenomena in the inlet
equipment and the separation vessels.

SUMMARY

In some implementations, there 1s provided a process for
producing a bitumen product from bitumen froth, compris-
ng:

adding a solvent to the bitumen froth to produce a solvent

diluted froth;

separating the solvent diluted froth to produce a solvent

diluted bitumen component and solvent diluted tail-
ngs;

recovering solvent from the solvent diluted tailings,

wherein the recovering comprises:
introducing the solvent diluted tailings to a flashing
chamber through a distributor extending within the
flashing chamber, the distributor comprising:
a tubular portion comprising:
a tubular wall defining a feed conduit for receiving
the solvent diluted tailings; and
multiple spaced-apart pressure let-down slots pro-
vided through the tubular wall and spaced apart
along a length thereof, the pressure let-down
slots providing fluid communication between
the feed conduit and the flashing chamber for
introducing the solvent diluted tailings into the
flashing chamber; and
a closed end portion connected to a downstream
extremity of the tubular portion;
recovering tlashed solvent from the flashing chamber as
a solvent overhead stream; and
recovering a solvent depleted tailings component from
the flashing chamber as an underflow stream; and
reusing the recovered solvent in the process;

recovering solvent from the solvent diluted bitumen com-

ponent to produce a recovered solvent stream and a
bitumen product.

In some implementations, there 1s provided a process for
producing a bitumen product from bitumen froth, compris-
ng:

adding a solvent to the bitumen froth to produce a solvent

diluted froth;

separating the solvent diluted froth to produce a solvent

diluted bitumen component and solvent diluted tail-
1ngs;

recovering solvent from the solvent diluted tailings,

wherein the recovering comprises:
introducing the solvent diluted tailings to a flashing
chamber through a distributor extending within the
flashing chamber, the distributor comprising:
a tubular portion extending into the tlashing cham-
ber, the tubular portion comprising:
a tubular wall defining a feed conduit for receiving
the multiphase stream; and
multiple spaced-apart pressure let-down apertures
provided through the tubular wall and spaced
apart along a length thereof, the pressure let-
down apertures providing fluid communication
between the feed conduit and the flashing cham-
ber for introducing the multiphase stream into
the flashing chamber; and
a closed end portion connected to a downstream
extremity of the tubular portion, the closed end
portion comprising tapered walls defining a flow
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redirection zone to redirect a bypassed portion of

the multiphase stream back toward the pressure
let-down apertures
recovering tlashed solvent from the flashing chamber as
a solvent overhead stream; and
recovering a solvent depleted tailings component from
the flashing chamber as an undertlow stream; and
reusing the recovered solvent in the process;
recovering solvent from the solvent diluted bitumen com-
ponent to produce a recovered solvent stream and a
bitumen product.
In some implementations, there 1s provided a method for
producing a bitumen product, comprising:
adding a solvent to the bitumen froth to produce a solvent

diluted froth;

separating the solvent diluted froth to produce a solvent

diluted bitumen component and solvent diluted tail-

ngs;

recovering solvent from the solvent diluted tailings,

wherein the recovering comprises introducing the sol-

vent diluted tailings to a flashing chamber through a

distributor extending within the flashing chamber,

wherein design and implementation of the distributor

CoOmprises:

providing the flashing chamber with an over-designed
distributor having an over-estimated opening size
based on an iitial process design mode;

operating the flashing chamber in an adjusted mode
compared to the mitial process design mode to
account for the over-estimated opening size of the
over-designed distributor;

replacing the over-designed distributor with a re-de-
signed distributor having an adjusted opening size
determined based on operation of the tlashing cham-
ber 1n the adjusted mode with the over-designed
distributor; and

operating the flashing chamber with the re-designed
distributor according to the imitial process design
mode;

recovering flashed solvent from the flashing chamber as a

solvent overhead stream; and

recovering a solvent depleted tailings component from the

flashing chamber as an underflow stream; and

reusing the recovered solvent in the process;

recovering solvent from the solvent diluted bitumen com-

ponent to produce a recovered solvent stream and a

bitumen product.

In some implementations, there i1s provided a tailings
solvent recovery unit (ITSRU) for recovering solvent from
solvent diluted tailings, the TSRU including:

a flash vessel including:

a flashing chamber for receiving the solvent diluted
tailings and configured to enable vaporization of the
solvent;

a feed 1inlet line for supplying the solvent diluted
tailings to the tlash vessel;

a tailings outlet for withdrawing a solvent depleted
tailings component from the flashing chamber;

a solvent outlet for withdrawing a recovered solvent
component from the flashing chamber; and

an inlet spray system fluidly connected to the feed line
tor recerving the solvent diluted tailings for spraying
into the flashing chamber, the inlet spray system
including a distributor that includes:

a tubular portion extending into the flashing cham-
ber, the tubular portion including:
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a tubular wall defining a feed conduit for receiving,
the solvent diluted tailings; and

multiple spaced-apart pressure let-down slots pro-
vided through the tubular wall and spaced apart
along a length thereof, the pressure let-down
slots providing fluid communication between
the feed conduit and the flashing chamber for
introducing the solvent diluted tailings into the
flashing chamber; and

a closed end portion connected to a downstream

extremity of the tubular portion.

In some implementations, the tubular portion extends
from a side wall of the flash vessel into the flashing chamber.
The tubular portion can have a substantially horizontal
orientation within the flashing chamber. The tubular portion
can be substantially linear within the flashing chamber. The
tubular portion can be configured such that the feed conduit
has a substantially constant diameter along a length thereof.
The tubular portion can be a pipe section and the pressure
let-down slots are cut-outs in the tubular wall of the pipe. In
some 1mplementations, the mlet spray system includes mul-
tiple distributors.

In some implementations, the pressure let-down slots
have rectangular shapes. The pressure let-down slots can be
provided along a common side of the tubular portion. The
pressure let-down slots can be positioned on a bottom part
of the tubular portion to introduce the solvent diluted tailings
downwardly into the flashing chamber. The pressure let-
down slots can each extend along a corresponding portion of
a circumierence of the tubular portion. The pressure let-
down slots can each extend along about 20% to about 50%,
or along about 35% to about 45%, of the circumierence of
the tubular portion. The pressure let-down slots can be
clustered together proximate to the closed end portion. The
pressure let-down slots can include at least three pressure
let-down slots.

In some implementations, the pressure let-down slots are
substantially identical to each other 1n shape and size. The
pressure let-down slots can have a transverse orientation
with respect to a longitudinal axis of the tubular portion. The
pressure let-down slots are spaced-apart such that each pair
ol adjacent pressure let-down slots defines a corresponding
strip each having a substantially same width. The strips can
have substantially the same wall thickness.

In some implementations, the pressure let-down slots
cach include a throat defined by throat walls, an upstream
edge, and a downstream edge. The throat walls can 1nclude
smooth surfaces to inhibit cavitation within the throat and/or
the upstream edge can be smooth-edged to inhibit cavitation
within the throat.

In some implementations, the pressure let-down slots
include at least one downstream pressure let-down slot
positioned proximate to the closed end portion to facilitate
expelling backiflow of the solvent diluted tailings from the
closed end portion nto the flashing chamber.

In some 1implementations, the flash vessel 1s a first stage
flash vessel, and further including a second stage tlash vessel
for receiving at least a portion of the solvent depleted
tailings component from the first stage flash vessel, the
second stage flash vessel including a second stage inlet spray
system substantially 1dentical to that of the first stage flash
vessel. In some implementations, the first stage flash vessel
1s configured to receive a first solvent diluted tailings stream
including a high solvent content, and the pressure let-down
slots enable explosion flashing of solvent upon introduction
of the first solvent diluted tailings stream into the corre-
sponding flashing chamber; and the second stage tlash vessel
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1s configured to receive the solvent depleted tailings com-
ponent from the first stage flash vessel, and the pressure
let-down slots enable formation of fan-shaped streams upon
introduction into the corresponding flashing chamber.

In some implementations, the closed end portion mcludes
tapered walls defining a tlow redirection zone to redirect a
bypassed portion of the solvent diluted tailings back toward
the pressure let-down slots. The closed end portion can have
continuous and smooth surfaces and defines a degenerate
cllipsoid cap.

In some 1implementations, the tubular portion 1s connected
to a retractable lance, and has an internal diameter that 1s
substantially identical to that of the retractable lance.

In some implementations, there i1s provided a tailings
solvent recovery process lor recovering a solvent from
solvent diluted tailings, the process including:

introducing the solvent diluted tailings to a flashing

chamber through a distributor extending within the

flashing chamber, the distributor including;:

a tubular portion including:

a tubular wall defining a feed conduit for receiving
the solvent diluted tailings; and

multiple spaced-apart pressure let-down slots pro-
vided through the tubular wall and spaced apart
along a length thereof, the pressure let-down slots
providing fluild communication between the feed
conduit and the tflashing chamber for mtroducing
the solvent diluted tailings into the flashing cham-
ber; and

a closed end portion connected to a downstream
extremity of the tubular portion;

recovering flashed solvent from the flashing chamber as a

solvent overhead stream; and

recovering a solvent depleted tailings component from the

flashing chamber as an underflow stream.

In some implementations, there i1s provided a tailings
solvent recovery unit (ITSRU) for recovering solvent from
solvent diluted tailings, the TSRU including:

a flash vessel including:

a flashing chamber for receiving the solvent diluted
tailings and configured to enable vaporization of the
solvent;

a feed 1inlet line for supplying the solvent diluted
tailings to the flash vessel;

a tailings outlet for withdrawing a solvent depleted
tailings component from the flashing chamber;

a solvent outlet for withdrawing a recovered solvent
component from the flashing chamber; and

an inlet spray system fluidly connected to the feed line
tor recerving the solvent diluted tailings for spraying
into the flashing chamber, the inlet spray system
including:

a tubular portion extending into the tflashing chamber
and including:
a tubular wall defining a feed conduit for receiving
the solvent diluted tailings, and
multiple spaced-apart pressure let-down apertures
provided through the tubular wall and spaced
apart along a length thereotf, the pressure let-
down apertures providing fluid communication
between the feed conduit and the flashing cham-
ber for introducing the solvent diluted tailings
into the flashing chamber; and
a closed end portion connected to a downstream
extremity of the tubular portion, the closed end
portion including tapered walls defining a flow
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redirection zone to redirect a bypassed portion of
the solvent diluted tailings back toward the pres-
sure let-down apertures.

In some implementations, the tapered walls include
curved internal surfaces. The curved internal surfaces can be
shaped to define the flow redirection zone in the shape of an
cllipsoid cap having an axis generally aligned with a lon-
gitudinal axis of the tubular portion. The ellipsoid cap can be
an oblate ellipsoidal cap. The ellipsoid cap can be a degen-
erate ellipsoidal cap. The curved internal surfaces can be
substantially symmetrical about a central longitudinal axis.

In some implementations, the curved internal surfaces are
continuous and smooth. The curved internal surfaces can be
shaped and configured to avoid increased solvent content
and solids accumulation 1n the flow redirection zone. The
closed end portion and the tubular portion can have an
integral one-piece structure. The curved internal surfaces
can be, for example, machine-milled.

In some 1implementations of the above-mentioned TSRU,

cach pressure let-down aperture 1s shaped as a slot. Such
slots can have one or more features of the slots described
herein.

In some 1mplementations, there 1s provided a tailings
solvent recovery process lor recovering a solvent from
solvent diluted tailings, the process including:

introducing the solvent diluted tailings to a flashing
chamber through a distributor extending within the
flashing chamber, the distributor including;:

a tubular portion extending into the flashing chamber
and including;:
a tubular wall defining a feed condwt for receiving
the solvent diluted tailings, and
multiple spaced-apart pressure let-down apertures
provided through the tubular wall and spaced apart
along a length thereot, the pressure let-down aper-
tures providing fluid communication between the
feed conduit and the flashing chamber for intro-
ducing the solvent diluted tailings into the flashing
chamber; and
a closed end portion connected to a downstream
extremity of the tubular portion, the closed end
portion including tapered walls defining a flow redi-
rection zone to redirect a bypassed portion of the
solvent diluted tailings back toward the pressure
let-down apertures;

recovering flashed solvent from the flashing chamber as a
solvent overhead stream; and

recovering a solvent depleted tailings component from the
flashing chamber as an underflow stream.

In some 1mplementations, there 1s provided a tailings
solvent recovery unit (ITSRU) for recovering solvent from
solvent diluted tailings, the TSRU 1ncluding:

a first stage separation vessel configured to receive a first
feed stream including the solvent diluted tailings and
produce a first stage solvent component and a first stage
solvent-depleted tailings component;

a second stage separation vessel configured to receive a
second feed stream including the first stage solvent-
depleted tailings component and produce a second
stage solvent component and a second stage solvent-
recovered component;

the first and second stage separation vessels each includ-
ing distributors for spraying the first and second feed
streams respectively therein, each distributor including:
a tubular portion including:

a tubular wall defining a feed condut for receiving
the solvent diluted tailings; and
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multiple spaced-apart pressure let-down slots pro-
vided through the tubular wall and spaced apart
along a length thereof perpendicular to a feed tlow
direction, the pressure let-down slots providing
fluid communication between the feed conduit and
a tlashing chamber of the corresponding first or
second stage separation vessel; and

a closed end portion connected to a downstream
extremity of the tubular portion, the closed end
portion including curved surfaces defining a tlow
redirection zone to redirect a bypassed portion of the
solvent diluted tailings back toward the pressure
let-down slots.

In some 1mplementations, there 1s provided a system for
recovering a volatile component from a slurry, the system
including:

a flash vessel including:

a flashing chamber for recerving the slurry and config-
ured to enable vaporization of the volatile compo-
nent,

a feed 1nlet line for supplying the slurry to the flashing
chamber;

a slurry outlet for withdrawing a volatile component
depleted slurry from the flashing chamber;

a volatile component outlet for withdrawing a recov-
ered volatile component from the flashing chamber;
and

an inlet spray system fluidly connected to the feed line
for recerving the slurry for spraying into the flashing
chamber, the inlet spray system including a distribu-
tor that icludes:

a tubular portion extending into the flashing cham-
ber, the tubular portion including;
a tubular wall defining a feed conduit for receiving
the slurry; and
multiple spaced-apart pressure let-down slots pro-
vided through the tubular wall and spaced apart
along a length thereof, the pressure let-down
slots providing fluid communication between
the feed conduit and the flashing chamber for
introducing the slurry into the flashing cham-
ber; and
a closed end portion connected to a downstream
extremity of the tubular portion.

In some 1mplementations, there 1s provided a system for
recovering a volatile component from a slurry, the system
including;

a flash vessel including:

a flashing chamber for recerving the slurry and config-
ured to enable vaporization of the volatile compo-
nent;

a feed 1nlet line for supplying the slurry to the flashing
chamber:

a slurry outlet for withdrawing a volatile component
depleted slurry from the flashing chamber;

a volatile component outlet for withdrawing a recov-
ered volatile component from the flashing chamber;
and

an inlet spray system fluidly connected to the feed line
for recerving the slurry for spraying into the flashing
chamber, the inlet spray system including a distribu-
tor that includes:

a tubular portion extending into the flashing cham-
ber, the tubular portion including:
a tubular wall defining a feed conduit for receiving
the slurry; and
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multiple spaced-apart pressure let-down apertures
provided through the tubular wall and spaced
apart along a length thereof, the pressure let-
down apertures providing fluid communication
between the feed conduit and the flashing cham-
ber for introducing the slurry into the flashing
chamber; and
a closed end portion connected to a downstream
extremity of the tubular portion, the closed end
portion including tapered walls defining a flow
redirection zone to redirect a bypassed portion of
the slurry back toward the pressure let-down aper-
tures.

In some 1mplementations, there 1s provided a system for
separating a multiphase stream into a volatile component
and a liquid component, the system including:

a flash vessel including:

a flashing chamber for receiving the multiphase stream
and configured to enable vaporization of the volatile
component;

a Teed inlet line for supplying the multiphase stream to
the flashing chamber;

a liquid outlet for withdrawing the liquid component
from the flashing chamber;

a volatile component outlet for withdrawing a recov-

ered volatile component from the flashing chamber;
and

an 1nlet spray system fluidly connected to the feed line
for recerving the multiphase stream for spraying into
the flashing chamber, the inlet spray system includ-
ing a distributor that includes:

a tubular portion extending into the flashing cham-
ber, the tubular portion including;
a tubular wall defining a feed conduit for receiving
the multiphase stream; and
multiple spaced-apart pressure let-down slots pro-
vided through the tubular wall and spaced apart
along a length thereof, the pressure let-down
slots providing fluild communication between
the feed conduit and the flashing chamber for
introducing the multiphase stream into the
flashing chamber; and
a closed end portion connected to a downstream
extremity of the tubular portion.

In some 1mplementations, there 1s provided a system for
separating a multiphase stream into a volatile component
and a liquid component, the system including;

a flash vessel including:

a flashing chamber for receiving the multiphase stream
and configured to enable vaporization of the volatile
component;

a feed 1nlet line for supplying the multiphase stream to
the flashing chamber;

a liquid outlet for withdrawing the liquid component
from the flashing chamber;

a volatile component outlet for withdrawing a recov-
ered volatile component from the flashing chamber;
and

an inlet spray system fluidly connected to the feed line
for recerving the multiphase stream for spraying into
the flashing chamber, the inlet spray system includ-
ing a distributor that includes:

a tubular portion extending into the flashing cham-
ber, the tubular portion including:
a tubular wall defining a feed conduit for recerving
the multiphase stream; and




US 10,519,382 B2

9

multiple spaced-apart pressure let-down apertures
provided through the tubular wall and spaced
apart along a length thereotf, the pressure let-
down apertures providing fluid communication
between the feed conduit and the flashing cham-
ber for introducing the multiphase stream into
the flashing chamber; and
a closed end portion connected to a downstream
extremity of the tubular portion, the closed end
portion including tapered walls defining a flow
redirection zone to redirect a bypassed portion of
the multiphase stream back toward the pressure
let-down apertures.

In some implementations, there i1s provided a tailings
solvent recovery unit (TSRU) distributor for introducing
solvent diluted tailings stream into a flashing chamber, the
distributor including;:

a tubular portion including;:

a tubular wall defining a feed conduit for receiving the
solvent diluted tailings; and

multiple spaced-apart pressure let-down slots provided
through the tubular wall and spaced apart along a
length thereot perpendicular to a feed flow direction,
the pressure let-down slots providing fluid commu-
nication between the feed conduit and the flashing
chamber; and

a closed end portion connected to a downstream extremity

of the tubular portion, the closed end portion including
curved internal surfaces defining a flow redirection
zone to redirect a bypassed portion of the solvent
diluted tailings back toward the pressure let-down slots.

In some 1mplementations, the tubular portion 1s config-
ured such that the feed conduit has a substantially constant
diameter along a length thereof. The tubular portion can be
a pipe section and the pressure let-down slots are cut-outs 1n
the tubular wall of the pipe.

In some implementations, the pressure let-down slots
have rectangular shapes. The pressure let-down slots can be
provided along a common side of the tubular portion. The
pressure let-down slots can be positioned on a bottom part
of the tubular portion to introduce the solvent diluted tailings
downwardly into the flashing chamber. The pressure let-
down slots can each follow a curvature of the tubular
portion. The pressure let-down slots can be clustered
together proximate to the closed end portion. The pressure
let-down slots can include at least three, or three, pressure
let-down slots. The pressure let-down slots can be substan-
tially 1dentical to each other 1n shape and size, although the
pressure let-down slots can be sized diflerently from each
other. The pressure let-down slots can be sized according to
solids content exiting each corresponding pressure let-down
slot, and/or sized according to solvent content exiting each
corresponding pressure let-down slot.

In some implementations, the pressure let-down slots are
spaced-apart such that each pair of adjacent pressure let-
down slots defines a corresponding strip each having a same

width. The strips can have substantially the same wall
thickness as each other.

In some implementations, the pressure let-down slots
cach include a throat defined by throat walls, an upstream
edge, and a downstream edge. The throat walls can 1nclude
smooth surfaces to inhibit cavitation within the throat and/or
the upstream edge 1s smooth-edged to inhibit cavitation
within the throat. The pressure let-down slots can 1include at
least one downstream pressure let-down slot positioned
proximate to the closed end portion to facilitate expelling
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backtlow of the solvent diluted tailings from the closed end
portion 1nto the flashing chamber.

In some 1implementations, the curved internal surfaces are
shaped to define the flow redirection zone 1n the shape of an
cllipsoid cap having an axis generally aligned with a lon-
gitudinal axis of the tubular portion. The ellipsoid cap can be
an oblate ellipsoidal cap, which can be degenerate. The
curved 1nternal surfaces can be continuous and smooth. The
curved internal surfaces can be shaped and configured to
avold 1ncreased solvent content and solids accumulation 1n
the tlow redirection zone. The closed end portion and the
tubular portion can have an integral one-piece structure, and
the curved internal surfaces can be machine-milled. The
curved internal surfaces can also be substantially symmetri-
cal about a central longitudinal axis.

In some implementations, the tubular portion includes an
upstream section configured to be connectable to a retract-
able lance. The tubular portion can have an internal diameter
that 1s constant along the length thereotf. The tubular portion
can have an internal diameter that 1s substantially 1dentical
to that of the retractable lance.

In some 1mplementations, there 1s provided a tailings
solvent recovery unit (ITSRU) for recovering solvent from
solvent diluted tailings, the TSRU 1ncluding:

a flash vessel including:

a flashing chamber for receiving the solvent diluted
tailings and configured to enable vaporization of the
solvent;

a feed inlet line for supplying the solvent diluted
tailings to the flash vessel;

a taillings outlet for withdrawing a solvent depleted
tailings component from the flashing chamber;

a solvent outlet for withdrawing a recovered solvent
component from the flashing chamber; and

an inlet spray system fluidly connected to the feed line
for recerving the solvent diluted tailings for spraying
into the flashing chamber, the inlet spray system
including;:

a tubular portion extending into the flashing chamber
and mcluding:

a tubular wall defining a feed conduit for receiving
the solvent diluted tailings, and

multiple spaced-apart pressure let-down apertures
provided through the tubular wall and spaced
apart along a length thereof, providing fluid
communication between the feed conduit and
the flashing chamber for introducing the solvent
diluted tailings into the flashing chamber, the
pressure let-down apertures having different
open areas sized 1n accordance with solids and
solvent content of the solvent diluted tailings
exiting each pressure let-down aperture; and

a closed end portion connected to a downstream
extremity of the tubular portion.

In some implementations, there 1s provided an inlet
assembly for introducing solvent diluted tailings into a
flashing chamber of a tailings solvent recovery unit (TSRU),
the 1nlet assembly including:

a distributor including:

a tubular portion extending into the flashing chamber
and including:

a tubular wall defining a feed condut for receiving
the solvent diluted tailings and having a constant
internal diameter; and

multiple spaced-apart pressure let-down apertures
provided through the tubular wall and spaced apart
along a length thereof, providing fluid communi-
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cation between the feed conduit and the flashing
chamber for introducing the solvent diluted tail-
ings into the flashing chamber; and

a closed end portion connected to a downstream
extremity of the tubular portion; and

a retractable lance for supporting and retractably extend-

ing the distributor 1nto the flashing chamber, the retract-

able lance including:

a tubular conduit having an internal diameter that is
substantially the same as that of the tubular portion
of the distributor;

an upstream portion for receiving a tlow of the solvent
diluted tailings; and

a downstream portion coupled to the tubular portion of
the distributor for feeding the flow of the solvent
diluted tailings thereto.

In some 1implementations, the multiple spaced-apart pres-
sure let-down apertures are slots oriented perpendicular to a
teed flow direction.

In some 1implementations, the closed end portion includes
curved 1ternal surfaces defining a flow redirection zone to
redirect a bypassed portion of the solvent diluted tailings
back toward the pressure let-down apertures.

In some 1implementations, the tubular conduit of the lance
and the tubular wall of the distributor are coupled together
to provide a substantially co-planar tubular surface there-
between.

In some 1mplementations, the inlet assembly has one of
more features related to the slots and/or closed end portion,
as described herein.

In some 1mplementations, there 1s provided a method for
designing distributors for use in a system for separating a
multiphase stream into a volatile component and a liquid
component, the method including:

providing the system with an over-designed distributor

having an over-estimated opening size based on an

initial process design mode;

operating the system 1n an adjusted mode compared to the

initial process design mode to account for the over-

estimated opening size of the over-designed distributor;

replacing the over-designed distributor with a re-designed
distributor having an adjusted opening size determined
based on operation of the system in the adjusted mode
with the over-designed distributor; and

operating the system with the re-designed distributor

according to the mnitial process design mode.

In some 1implementations, the over-designed distributor 1s
designed using the Homogeneous Equilibrium Model
(HEM). The adjusted mode can include increasing a pres-
sure drop across apertures of the over-designed distributor.
The adjusted mode can include reducing an eflective open-
ing size by equipping the over-designed distributor with a
size-reducing element. In some 1mplementations, the size-
reducing element includes an overlay plate.

In some 1mplementations, the adjusted mode includes
increasing a feed pressure of a feed stream supplied to the
over-designed distributor. Increasing the feed pressure can
include recirculating an underflow stream including the
liquid component after separation from the volatile compo-
nent; and/or adding water into the feed stream.

In some implementations, the system described in the
context of the above method includes a tailings solvent
recovery unit (TSRU), which can be part of a paraflinic
bitumen froth treatment operation.

In some 1mplementations, the over-designed distributor
and/or the re-designed distributor have one or more features
as described herein.
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The techniques and implementations described herein can
have one or more of the following advantages: the slot-
shaped pressure let-down apertures can facilitate manufac-
turing as well as provide effective mitigation of pre-tflashing
and solids segregation 1ssues; the closed tapered end portion,
which optionally has curved surfaces, can also facilitate
mitigation of segregation issues and redirection of fluids
from the end back toward the apertures; and various dis-
tributor geometries, recovery unit systems, and related meth-
ods can enable effective and operationally flexible separa-
tion of volatile solvent from solvent diluted tailings.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a process tlow diagram of a TSRU including two
separation vessels.

FIG. 2 1s a perspective partially-transparent view sche-
matic of part of a distributor.

FIG. 3 1s a side cross-sectional view schematic of part of
a distributor.

FIG. 4 1s a side cross-sectional view schematic of a
distributor and a lance.

FIGS. 5a to Se are side cross-sectional view schematics of
distributor designs.

FIG. 6 1s a top cross-sectional view schematic of a
separation vessel with distributors.

FIGS. 7a to 7c re a process flow diagram of a TSRU
including two stages.

FIG. 8 1s a block diagram of a separation vessel.

FIG. 9 1s a side cross-sectional view of an example slot
aperture.

FIGS. 10a to 10c¢ are images illustrating modelling results
and respectively show velocity magnitudes, solvent volume
fractions, and absolute pressure contours for an example
distributor design.

FIGS. 11a and 115 are images 1illustrating modelling
results and respectively show velocity magnitudes and sol-
vent volume fractions for another example distributor
design.

FIGS. 12 and 13 are side cross-sectional views of example
slot apertures.

FIG. 14 1s a side cross-sectional view of part of a slot
showing upstream and downstream edges.

FIGS. 15a to 15d are side cross-sectional views of
example slot apertures with possible overlay plate with
perforations to temporarily reduce eflective aperture sizes.

FIG. 16 1s a process tflow diagram for the production of a
hydrocarbon product.

DETAILED DESCRIPTION

Solvent diluted tailings can be introduced into a separa-
tion vessel via a spray inlet system that includes a distributor
that can have various features, such as multiple spaced-apart
pressure let-down slots and a closed end portion having
curved tapered walls. The distributor can be used 1n a system
that includes at least two separation vessels operated in
series, where the same distributor design 1s used in both the
first and second separation vessels. In some 1mplementa-
tions, the distributor facilitates control of pressure drop
across the open area of the slots and prevention of solvent
pre-tlashing.

General TSRU Implementations

Referring to FIG. 1, a tailings solvent recovery unit
(TSRU) 10 1s used to recover solvent from a solvent diluted
tailings stream 12. The solvent diluted tailings stream 12
may be derived from a bitumen froth separation unit (FSU),
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more particularly as an underflow stream withdrawn from a
second stage gravity separator that 1s part of the FSU. The
solvent diluted tailings stream 12 includes water, solid
mineral material, residual bitumen components, and solvent.
The solvent may include parathinic solvent, naphthenic sol-
vent, and/or other solvents capable of promoting separation
of bitumen from bitumen froth.

It should be understood that the term “solvent diluted
tailings™ refers to a tailings suspension that includes water,
solid particulate material, and a hydrocarbon component
referred to herein as a “solvent”. For solvent diluted tailings
that are derived from an FSU, additional compounds such as
residual bitumen can also be present in the tailings. In
addition, the solvent 1s not necessarily present in the tailings
so as to function as a “diluent” in the sense of diluting
extractable hydrocarbons from the tailings, and thus the term
“diluted” 1 “solvent diluted tailings” should be seen as
referring to the solvent simply being present 1n the tailings.
In this sense, the term “solvent diluted tailings™ can also be
referred to as “solvent aflected tailings” where there 1s
suilicient solvent to merit subjecting the tailings to removal.
In some scenarios, the solvent diluted tailings are fed to a
TSRU or other types of solvent recovery units.

The TSRU 10 can include one or more stages. In FIG. 1,
the TSRU 10 includes a first stage flash vessel 14 and a
second stage flash vessel 16 arranged 1n series. It should be
noted that various other vessel arrangements are possible,
and that multiple trains of one- or two-stage TSRUSs may be
used. The solvent diluted tailings stream 12 1s supplied to the
first stage tlash vessel 14 (also referred to as a “separation
vessel”) and 1s itroduced 1nto a flashing chamber 18 via an
inlet spray system 20 that includes a distributor 21, which
will be described 1n turther detail below. The solvent diluted
tailings stream 12 1ntroduced into the first stage flash vessel
14 separates to form a gas phase solvent stream 22 that 1s
recovered as an overhead stream, and a {first stage tailings
component 24 partially depleted of solvent and recovered as
an undertlow stream. The first stage tailings component 24
can then be supplied to the second stage tlash vessel 16 and
introduced 1nto a second flashing chamber 26 via a second
stage 1nlet spray system 28. The second inlet spray system
28 also includes at least one distributor 21 that may be
similar or 1dentical 1n construction as the first stage distribu-
tor 21. A second separated solvent stream 30 1s recovered
from the second stage flash vessel 16 and a solvent recov-
ered tailings stream 32 (which may also be referred to as
“froth treatment tailings™ or FIT) 1s withdrawn as under-
flow.

It should be noted that the TSRU can have various other
teatures not illustrated 1n FIG. 1. For example, part of the
underflow streams can be recirculated back into the feed
streams supplied into the flash vessels and/or recycled
directly back into a lower part of the tlash vessels. Recir-
culation of undertlow streams back into feed streams that are
supplied to the distributors can be operated to ensure a
consistent pressure drop across the distributors apertures
even during periods of low flow.

Distributor Design Implementations

Referring to FIGS. 2 and 3, in some implementations the
distributor 21 includes a tubular portion 34 extending into
the flashing chamber of the separation vessel, and a closed
end portion 36 at the downstream extremity of the tubular
portion 34. The tubular portion 34, which can be cylindrical,
has side walls 38 defining a feed conduit 40 for receiving the
solvent diluted tailings 12. The tubular portion 34 also
includes one or more pressure let-down apertures 42 pro-
vided through the side walls 38. The pressure let-down
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apertures 42 provide fluild communication between the feed
conduit 40 and the flashing chamber (not 1llustrated here) for
introducing the solvent diluted tailings into the flashing
chamber.

In some 1implementations, the pressure let-down apertures
42 are slots as illustrated i FIGS. 2 and 3. Such slot-shaped
apertures 42 can facilitate providing a thinner sheet-type
spray compared to flow through a hole or circular orifice,
increasing surface area of the discharged flow to enhance
solvent separation. Thinner sheet-type spray can aid 1n jet
dissipation of the injected solvent diluted tailings, facilitat-
ing gases to dissipate at a lower velocity more readily when
introduced into the flash vessel 1n comparison to a circular
jet. Such circular jets can tend to concentrate the flow toward
a localized area, increasing erosion potential and reducing
separation of volatile components (e.g., solvent) from the
slurry components. In addition, the slots 42 can be provided
as rectangular cut-outs 1n the tubular portion 34, thus facili-
tating manufacturing of the distributor 21 by providing the
cut-outs 1n a pipe that can have a diameter that 1s equal to the
diameter of upstream equipment (e.g., lance, feedline, etc.)
in order to avoid step changes 1n area prior to the slots 42.
The cut-outs can be generally rectangular and can follow a
cross-sectional curvature of the tubular portion 34, although
the slots can also have other shapes and configurations.

In some implementations, the distributor 21 has multiple
pressure let-down slots 42 arranged 1n series along a down-
stream part of the tubular portion 34. The multiple slots 42
can be designed in order to provide a total open area to
obtain choked flow and solvent flashing at the given process
conditions. Splitting the flow out of the distributor 21
through multiple slots 42 can also facilitate momentum
diffusion compared to a single large orifice. In addition, the
slots 42 may be spaced apart from each other to avoid
‘cross-talk’ such that the inlet sprays from the slots do not
substantially converge and thus remaining relatively sepa-
rate within the flashing chamber until the solvent depleted
fluid accumulates 1n the bottom of the separation vessel.
Alternatively, the sprays from the corresponding slots can
coalesce a certain distance downstream of the slot discharge
as the sprays experience dissipation.

FIGS. 2 and 3 1llustrate a distributor 21 with three slots 42
arranged 1n series at the downstream end of the tubular
portion 34. The slots 42 may have substantially the same
shape and area to each other. Alternatively, the size and/or
shape of the slots may be different from each other, and may
be provided according to flow segregation and composition
of the feed stream (e.g., the solvent diluted tailings 12 or the
first stage tailings component 24, as shown 1n FIG. 1).

A distributor design having multiple slots 42 along the
tubular portion 34 provides the opportunity to refine each of
the slots to have a unique size or shape based on flow
characteristics of the feed stream, which can facilitate con-
trol of the pressure drop across the slots and limit pre-
flashing. For example, solids can tend to segregate toward a
bottom region of the feed stream and thus an upstream slot
can receive material having higher solids content compared
to a downstream slot. Such solids segregation can influence
the pressure drop requirements across the slots for limiting
pre-flashing within the distributor. Thus, the distributor
design can be adapted by moditying the size of different
upstream or downstream slots to ensure the adequate pres-
sure drop across each slot for discouraging pre-flashing
within the distributor. For example, if the solvent content 1s
higher downstream, a downstream slot can have a smaller
area compared to an upstream slot 1 order to maitigate
potential pre-flashing i1n the downstream portion of the
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distributor. In addition, due to solids segregation, the
upstream slot can be sized to be larger than the downstream
slots to better handle the larger solids contents in the
maternal expelled from the upstream slot. Furthermore, the
s1zing of each slot and spacing between the slots can be
provided based on a pre-determined composition being
expelled from each slot.

Referring still to FIGS. 2 and 3, 1n some implementations
the distributor 21 has one or more slots 42 that are oriented
in generally perpendicular relation to the flow of the feed
stream. Perpendicular slots not only facilitate manufacturing
as cut-outs perpendicular to a longitudinal axis of a pipe, but
also provide advantages in terms of mitigating pre-flashing
issues and dealing with solids segregation issues. Indeed,
multiple perpendicular slots are more suited for mitigating
cllects of pre-flashing compared to parallel slots. As men-
tioned previously, solids can tend to naturally segregate
toward the bottom of the pipe. With multiple slots perpen-
dicular to the flow, more solids may tend to discharge
through the first slot. In such a scenario, a bulk of the solids
may be separated from the main flashing tlow, meaning that
tewer solids would be accelerated in the location where
solvent flashing will be more dominant which would be
expected to exist at the remaining slots downstream of the
first slot. Thus, detrimental effects due to any pre-flashing
that may occur proximate to downstream slots may be
reduced due to lower solids content in the slurry at those
downstream locations within the distributor. It should be
noted that such etlects also depend on feed composition and
operating conditions of the TSRU.

In some implementations, the slots 42 have a curvature
that follows the curvature of the tubular portion 34, as
illustrated in FIG. 2. Curved slots that follow the curvature
of the tubular portion 34 can facilitate longer slot geom-
etries, providing a thinner sheet-type spray and enhancing
dissipation of the flow in multiple directions (e.g., down-
ward and sideways), reducing fluid velocity and risk of
erosion within the separation vessel. In addition, slots 42
that follow the curvature of the tubular portion 34 can have
consistent edges and throat wall orientations for enhanced
flow consistency along the entire slot length.

Referring now to FIG. 4, the tubular portion 34 of the
distributor 21 may be connected to an upstream lance 44 that
1s, 1n turn, connected to an upstream slurry pipeline 46.
Various connection devices 48 can be used to interconnect
the different components. The lance 44 can be configured for
retractably inserting the distributor 21 within the flashing
chamber, such that the distributor 21 can be retracted for
repair, maintenance, mspection or replacement. The tubular
portion 34 of the distributor 21 can have an internal diameter
that 1s equal to that of the lance 44 1n order to eliminate any
step change 1n area prior to the slots 42. In other words, the
internal surfaces of the tubular portion 34 and the lance 44
are substantially co-planar. It 1s advantageous to avoid a step
change 1n area between the lance 44 and the slots 42. Step
changes can lead to localized turbulence which can increase
velocities of the multiphase stream leading to a higher risk
ol erosion. Step changes can also limit pressure available for
flow through the slots which can lead to pre-flashing.

Referring back to FIGS. 2 and 3, 1n some implementations
the closed end portion 36 of the distributor 21 includes
tapered walls 50 defining a flow redirection zone 32 to
redirect a bypassed portion of the solvent diluted tailings
back toward the pressure let-down apertures 42. The tapered
walls 50 can have a variety of configurations. For instance,
the tapered walls 50 can be curved internal surfaces that are
generally continuous and smooth. The tapered walls 50 can
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define an ellipsoid cap, which can be generally spherical. In
some 1implementations, the closed end portion 36 1s formed
as a generally rounded cap, which provides reduced “dead”
zones and solvent pockets within the rounded cap space,
thereby promoting enhanced solvent mixing and discourag-
ing accumulation of solids within the volume of the dis-
tributor.

Referring now to FIGS. 5a to Se, various example designs
of the distributor 21 are illustrated. Each of the distributor
designs can have certain characteristics and benefits. For
instance, the distributor design of FIG. Sa can provide more
space for tlow acceleration. The distributor design of FIG.
5b can provide ease of manufacturing. The distributor design
of FIG. 5¢ can provide enhanced flow characteristics at the
rounded cap end. The distributor design of FIG. 54 can
provide a smooth decrease 1n pressure in the tapered end
region. The distributor design of FIG. 5e can provide fully
downward flow from the slots to avoid lateral spray against
vessel side walls, which can be advantageous for narrower
vessels. While the example distributor designs illustrated
here have three slots, 1t should be noted that the slot size and
number can be adjusted to obtain the desired total open area
and discharge flow characteristics.

Referring now to FIG. 6, in some implementations, mul-
tiple distributors 21 can be provided 1n one or both of the
separation vessels 14, 16 that are part of the TSRU. In some
implementations, the distributors 21 are provided at a same
height within each separation vessel 14, 16 such that the end
of each distributor 21 1s positioned 1n spaced relation with
respect to a center vertical axis of the separation vessel.
Alternatively, the distributors 21 can be at diflerent heights
within the separation vessels, although care should be taken
to position each distributor away from any high velocity
spray from a nearby distributor 21. Each distributor 21 can
be connected to a corresponding lance 44 that 1s configured
to 1nsert and retract the corresponding distributor 21. The
lances 44 can be substantially identical to each other, and the
distributors 21 can also be substantially identical to each
other. Alternatively, the distributors 21 can be different from
cach other in terms of length of the tubular portion for
positioning within the flashing chamber of the vessel and/or
in terms of the slot sizing. The number, the location and the
design of the distributors 21 within the separation vessel can
be provided according to the fluild dynamics, structural
features, and operating conditions of the separation vessel.
For instance, the distributor arrangement and design 1n the
first stage separation vessel 14 may be diflerent from that of
the second separation vessel 16, due to the different com-
position of the feed streams and the different operating
conditions of the two separation vessels. It 1s also noted that
the distributors 21 can be orniented horizontally within the
vessels, which the slots oriented for downward discharge of
the spray. Alternative orientations can also be used in
conjunction with corresponding design of the separation
vessel.

Referring now to FIGS. 7a to 7¢, the distributors 21 in the
first stage separation vessel 14 and the second stage sepa-
ration vessel 16 can have identical designs and structural
features, but may be operated to obtain different inlet spray
characteristics. In this regard, 1t should be noted that various
different operational scenarios can result 1n certain spray
patterns in the separation vessels.

Referring to FIG. 7a, 1n the first stage separation vessel
14, the spray discharged from the distributor 21 may present
flash atomization to form an atomized spray 54. Flash
atomization can be promoted by various factors, such as a
large pressure diflerence between the distributor 21 and the
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first stage flashing chamber 18, suilicient superheating of the
feed stream, and high solvent concentrations in the feed
stream. The spray pattern 1n the first stage separation vessel
14 may be referred to as flash atomization or explosive
flashing, where a fine spray 1s present immediately at or near
the slot or aperture outlet. On the other hand, in the second
stage separation vessel 16, for which the feed stream has a
much lower solvent content, the spray discharged from the
distributor 21 may have a spray pattern that includes a
considerable jet region 56 and a surrounding disintegration
region 58. When the distributors 21 have apertures in the
form of slots 42, the jet region 56 can take the form of a thin
fan or sheet, promoting deceleration of the jet and formation
of the disintegration region 38. For a scenario where the
solvent diluted tailings 12 has a high solvent content and
reasonable solids content, with effective recovery via tlash
atomization in the first stage separation vessel 14, minimal
solvent recovery may be needed in the second stage sepa-
ration vessel 16 and thus the second stage vessel 16 can be
operated under sheet spray conditions, as illustrated in FIG.
1a.

Referring to FIG. 7b, when the solution diluted tailings
has a low solvent content, the first stage separation vessel 14
can be operated under predominantly sheet spray conditions,
as 1llustrated, although 1t should be noted that the feed
pressure can be varied to induce atomization 1t desired (not
illustrated here). The second stage separation vessel can also
be operated under sheet spray conditions, as illustrated.

Referring to FIG. 7¢, when the TSRU 1s operating in
turndown mode in which the tailings feed 12 has very low
solvent contents, the first state separation vessel 14 can be
operated under predominantly sheet spray conditions,
although some atomization can also be obtained. Win such
scenarios, the first stage tailings component 24 contains very
low solvent and thus can be supplied to the second stage
separation vessel 16 operated under sheet spray conditions,
or if the solvent content 1s low enough (e.g., below 0.2 wt %)
the second stage can be bypassed, for example via a bypass
line 59.

As can be seen from the example scenarios illustrated 1n
FIGS. 7a to 7¢, the spray pattern and conditions can vary
depending on the operating conditions, particularly depend-
ing on the solvent and solids contents of the streams to be
expelled via the distributors. Feed pressures, vessel pres-
sures and other operating parameters can be varied depend-
ing on incoming solvent and solids contents to promote flash
atomization or sheet spray in one or both of the separation
vessels 14, 16. Operation of the first and second stages can
also vary over time depending, for example, on solvent and
solids contents of the feed streams. It should also be noted
that TSRUs with only one separation vessel or more than
two separation vessels can be operated such that the type of
spray (e.g., sheet or atomization) 1s controlled based on
certain process variables, such as the content of one or more
components (e.g., solvent, solids, etc.) of the fee stream or
other feed stream characteristics.

In a TSRU with first and second separation vessels, as
illustrated 1n FIGS. 1 and 7, the distributors 21 1n each of the
vessels can enable diflerent functionalities. In the first stage
separation vessel, the distributors 21 can provide a pressure
let-down for the multiphase feed stream such that pre-
flashing and wear 1s mitigated, while enabling high solvent
recovery to be obtained. The functionality of the first stage
distributors 1s significantly intfluenced by the higher solvent
content 1n the feed stream. In the second stage separation
vessel, the distributors 21 can provide a pressure let-down
tor the multiphase feed stream such that residual solvent can
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be flashed and captured, while suflicient water 1s flashed to
enhance breakup or dissipation of the jet region. In the
context of solvent diluted tailings, which include volatile
solvent as well as water, operating conditions can be con-
trolled to regulate the amount of water that 1s flashed 1n the
separation vessels. Thus, the pressure diflerence between the
distributors and the flashing chambers as well as the tem-
peratures can be controlled to achieve the desired solvent
flashing characteristics while also controlling the amount of
water that 1s flashed for each vessel. The water tlashing
characteristics can be different 1n the first and second stage
separation vessels 14, 16 depending on the feed stream
compositions, operating parameters of the vessels, capaci-
ties of overhead condensers, and whether steam stripping 1s
used 1n the vessels, for example.

Referring now to FIG. 8, in implementations where the
slots follow the curvature of the tubular section of the
distributor 21 and thus enable part of the discharged tailings
to have a lateral trajectory, the location of the distributor 21
and the length of the slots can be provided to avoid detri-
mentally high velocities at the side walls of the separation
vessel. In some implementations, the distance D, between
an extremity of the curved slot and the closest point on the
side wall of the separation vessel that would be impacted by
the discharged spray, 1s large enough to avoid impact of
jet-type flow against the side wall and/or to avoid flow
having a velocity above 15 m/s, above 10 m/s, above 7 m/s
or above 5 m/s. In some scenarios, an 1impact velocity of 1
m/s to 7 m/s or 3 m/s to 5 m/s can be provided. Thus, only
lower velocity flows of the tailings material can 1mpact the
side wall of the separation vessel. In this regard, 1t 1s noted
that erosion rates are generally proportional to the velocity
squared, or even higher (e.g., in the case of sharp edge slots
or apertures), and thus reducing impact velocity can have a
significant benefit on reducing erosion rates 1 such appli-
cations.

The s1zing of the separation vessel, the operating condi-
tions such as temperature and pressure of the feed stream
and the flashing chamber, as well as the distributor con-
struction can be provided to obtain the desired tailings flow
characteristics. In some implementations, the length of the
curved slots 1s also provided to avoid horizontal spray of the
tailings, and thus the slots would terminate below the
mid-point of the tubular portion. In addition, the length of
the curved slots should be provided 1n order to maintain the
structural integrity requirements of the distributor 21.

Referring now to FIGS. 9, 12 and 13, each slot of the
distributors can have characteristics and structural features
to promote desired flow and spray eflects. In some 1mple-
mentations, the slot 42 1s formed 1n the walls 38 of the
tubular portion which has a wall thickness T;. The slots 42
thus have a throat 60 being defined by throat walls 62 that
have throat wall length L . substantially corresponding to T,
(as in FIG. 13) or a throat wall length L . slightly greater than
T, (as mn FIG. 12). The slots 42 also have a downstream
edge 64 and an upstream edge 66. The slots 42 can be
manufactured and designed such that the edges 64,66 and
the throat walls 62 do not promote flashing within the throat
60 but only once expelled beyond the downstream edge 64.
For instance, the throat can have a tapered shape where the
outlet 1s wider than the inlet, as illustrated in FIG. 13 for
example. In addition, the upstream edge 66 (also referred to
the “leading edge™) can be smooth and the downstream edge
64 (also referred to as the “trailing edge™) can be sharp, as
generally 1llustrated 1n FIG. 14. The upstream edge 66 can
be bevelled or chamifered, which can help to maintain a more
consistent pressure drop across the aperture over the lifetime
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of the distributor. Otherwise, the pressure drop can change
over time as the leading edge experiences wear and changes
shape and smoothness, which can reduce overall perfor-
mance or efliciency of the process. Providing a bevelled or
chamiered leading edge can be particularly useful 1n high-
wear environments, which can be encountered with solids-
contaiming feed streams such as tailings.

Referring to FIGS. 9, 12 and 13, the slots can thus be
provided to inhibit cavitation within the throat 60 to promote
flash atomization once expelled beyond the downstream
edge 64 under the corresponding process conditions. The
throat walls 62 can also be designed to minimize surface
imperfections or roughness that would promote cavitation,
and thus imperfections derived from manufacturing (e.g.,
forming the slots as cut-outs from a metallic pipe) can be
smoothed away or eliminated by additional treatments.

For applications where the feed material includes solids,
as 1s the case for solvent diluted tailings, 1t 1s possible that
the solids passing through the slot could act as nucleation
sites 1ncreasing the risk of pre-flashing within the throat. In
situations where solids-induced nucleation 1s a factor, the
distributors can be designed and operated by overdesigning
against pre-flashing, which may include providing higher
backpressure to increase subcooling (e.g., 100 kPa to 150
kPa above flashing), providing smoother slot surfaces, lim-
iting boundary layer segregation, and so on. The extent of
solids-induced nucleation can also be determined via empiri-
cal or modelling methods, and the process can be adapted 1n
order to reduce or prevent solids-induced nucleation.

In some i1mplementations, the throat walls 62 can be
substantially straight and parallel to each other to form a
throat 60 that has a constant cross-section in the outlet flow
direction rather than a tapered shape. However, various
shapes and configurations of the throat are also possible.

In some implementations, the wall thickness T  of the
entire tubular portion 1s the same. The wall thickness T, of
the tubular portion can also be thick enough to facilitate
manufacturing of cut-out slots, to provide desired geom-
etries for the throat and sharp edges, as well as to facilitate
structural integrity of the overall distributor and of local
regions such as the sections separating adjacent slots.

Referring to FIG. 3, the slots, the rounded end cap, and the
spacing between various components of the distributor can
have certain geometries. For example, the spacing between
the adjacent slots can be between 1.5 inches and 2.5 inches
or between 1.75 inches and 2.25 inches; the slots can have
a generally rectangular cross-section; the width of each slot
can be between about 0.75 inch and 1.25 inches or between
0.9 1inch and 1.1 inches; the curvilinear length of each slot
can be between 6 inches and 10 inches, or between 8 inches
and 9 inches; the distance between the farthest slot and the
near vessel wall 1s between 40 inches and 65 inches; and the
distance between the beginming of the end cap and the last
slot 1s between 3 and 7 inches or between 5 and 6 inches. In
some 1implementations, the slots follow the curvature of the
tubular portion, and extend along about 20% to about 50%,
or about 35% to about 45%, of the circumierence of the
tubular portion. Such slot sizes and configurations can be
particularly useful when the distributors are provided 1n an
upper portion of the flashing chamber so that the tailings
spray 1s directed downward.

Referring now to FIGS. 12 and 13, the slots can be formed
as cut-outs 1 a metal pipe. The cut-outs can be provided
using various techniques and can be done to provide a throat
60 having different geometries that can have an impact on
spray characteristics. Due to the curved geometry of the
pipe, a cut-out method that provides opposing throat walls
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62 that are parallel to each other, as i1llustrated in FIG. 12,
will lead to a throat wall length L . that 1s longer than the pipe
wall thickness T,;. Similarly, a cut-out method that makes
the cuts that perpendicular to the tangent of the pipe wall
will lead to a throat wall length L. that 1s the same as the pipe
wall thickness T, and will also result 1n a throat that 1s
tapered outward, as 1llustrated 1n FIG. 13. The angles of the
upstream and downstream edges will also be different
depending on the cut-out angle. In FIG. 13 the edge angles
would be 90°, whereas 1n FIG. 12 the upstream edge angles
would be obtuse and the downstream edge angles would be
acute. In some 1mplementations, a non-tapering slot con-
figuration, such as that illustrated in FIG. 12, 1s provided to
reduce risks of pre-flashing in the throat.

It should be noted that the TSRU 1mplementations 1llus-
trated 1n FIGS. 1, 7a to 7¢, and 9 show the distributors
located 1n an upper portion of the flashing chamber. In this
top-of-vessel position, the distributors can be designed to
spray downward and the slots can be sized and configured to
minimize high velocity spray impacting side walls of the
vessels, thereby reducing the need for costly wear-resistant
structures and materials for the internal side walls.

Alternatively, the slotted distributors could be positioned
in other locations within a flash separation vessel and can
have other orientations. For instance, the distributors could
be located near the bottom of the flash vessel and the slots
would thus be oriented upward to enable an upward spray
with provisions to avoid solid accumulation and plugging
within the distributors (e.g., due to settling). The distributors
could be positioned in the middle of the flash vessel and the
slots would thus be oriented 1n the appropriate manner. In
addition, the slotted distributor location within the flashing
chamber can depend on the overall vessel sizing and design.
For example, 11 the slotted distributors have a wider spray
radius and the sprayed tailings have higher velocities, the
vessel walls that would be impacted by high velocity spray
can be reinforced at impacted locations (e.g., using thicker
walls or reinforcement plates, impact-resistant structures,
wear-resistant materials, etc.). In addition, for wider high
velocity sprays, the vessel diameter can be designed so as to
be sufliciently large to reduce the risk of impacting the side
walls.

Furthermore, the location and design of the distributors
and vessel can be influenced by the composition of the feed
material. For feed matenial that includes abrasive solid
particles that can cause erosion of the distributors and vessel
internals at high velocities, the design can minimize impact
of the spray on the 1nternal side walls or provide reinforce-
ment at impact locations. For feed material in which the
solids are not abrasive, high velocity impact against the sides
walls may not be a predominant design consideration and
thus the slotted distributors could be positioned at various
locations within the flashing chamber. The slotted distribu-
tors can also be positioned and configured based on the
internal structure of the separation vessel (e.g., side walls
location and geometry, instrumentation, bottom slurry pool
depth, etc.)

In addition, the location and design of the distributors can
also be 1influenced by design and operational features of the
TSRU. For imnstance, for a TSRU that includes multiple
trains (1.e., where multiple vessels operate 1n parallel), each
of the separation vessels can be sized smaller for a given
throughput of feed material compared to a corresponding
single train. For smaller separation vessels, the distributors
may have a location within the vessels and slot configuration
adapted to minimize impacting the side walls which would
be closer together. Thus, for a TSRU that has three trains
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with two stages in each train, the distributors can be posi-
tioned and configured differently compared to a single train
with two stages which would have notably larger vessel size.

Thus, the location of the distributors, orientation and size
of the slots, structural features of the vessel, and the opera-
tion of the unit can be coordinated 1n a number of ways to
enhance performance and respond to operational challenges
for the feed material of interest.

In some implementations, the distributors are configured
and the process 1s operated to enable choked tlow through
the slots. Thus, the total si1ze of open area of the slots and the
operating conditions (e.g., temperature, pressures, compo-
sition of feed stream) can be provided to achieve choked
flow for both first stage and second stage separation vessels.

The distributors can be manufactured from various mate-
rials and according to different methods. In some 1implemen-
tations, the distributor can be manufactured from a metallic
tubular pipe or blank 1n which cut-outs are provided to form
the slots and the rounded end cap i1s formed by machine-
milling or a similar technique. The entire distributor may
have an integral one-piece structure, which facilitates pro-
viding smooth and continuous internal surfaces of the dis-
tributor as well as structural properties. Alternatively, the
distributor can be made of components that are mechanically
and/or chemically attached together. The distributors can
also include a coating layer provided to protect against
erosion, and the type of coatings may vary depending on
location as well, for example based on the amount of
turbulent fluid flow within the distributor at certain loca-
tions.

In some implementations, the slotted distributor design
mitigates concentrated “jets” discharged from the slots and
mitigates high velocity regions within the distributor. The
distributor also facilitates handling of solvent diluted tailings
streams with variable compositions, such as 25 wt % to 30
wt % solids and 5 wt % to 20 wt % solvent. The distributor
can be used in both the first and second stage separation
vessels, which handle different feed compositions at differ-
ent operating conditions.

Additional TSRU Implementations

The distributor designs described herein can be used in
TSR Us with various different configurations and operational
features, some of which will be described below.

Referring back to FIG. 1, the TSRU 10 can be configured
as a two-stage umt with first and second stage separation
vessels 14,16 operated 1n series. Alternatively, the TSRU can
have a single stage that consists of a single separation vessel
that 1s sized, designed and operated to achieve the desired
solvent recovery. In addition, the TSRU can have more than
two stages operated in series, where at least part of the
underflow of each separation vessel 1s supplied to a subse-
quent separation vessel. It should also be noted that the
TSRU can have multiple trains that are fully or partially
operated 1n parallel to each other. For example, the TSRU
may have a first train consisting of first and second separa-
tion vessels as 1llustrated 1n FIG. 1, and a second train that
1s substantially similar to the first train and operated in
parallel. The first and second TSRU trains can receive
solvent diluted tailings from a single FSU or from corre-
sponding first and second FSU trains. In the case of multiple
TSRU ftrains, 1t should be noted that there may be various
interconnecting streams from one train to the other, for
various purposes including recycling or redistributing mate-
rial during periods of lower flow rates.

In some implementations, the TSRU can have two sepa-
ration vessels that can operate in different modes. In one
mode, only one of the separation vessels 1s operational and
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thus the TSRU operates as a single stage unit, which can be
useful for repair or maintenance of the oflline separation
vessel and/or for periods of lower flow rates. Both of the
separation vessels can thus be designed so that either one of
the vessels can operate alone. In another mode, both units
are operational 1n series to provide a two-stage unit as shown
in FIG. 1. In a further mode, the order of the two separation
vessels can be reversed, such that the first stage separation
vessel becomes the second stage vessel and the second stage
vessel becomes the first stage vessel. Such operating modes
are Tacilitated by the use of the distributor that has a design
cnabling interchangeable use 1n both first and second stages.

In some 1mplementations, one or more of the separation
vessels of the TSRU can be configured to be free of internals
and thus provide a generally open volume for the tailings
material to pass through. Alternatively, one or more of the
separation vessels of the TSRU can be configured to include
additional features, such as internals (e.g., shed decks) that
are provided within part of the flashing chamber 1n spaced
relation below the distributors, in which case high velocity
spray can be reduced prior to impacting the internals. One or
more of the separation vessels can include a steam 1nlet for
providing steam into the flashing chamber in order to aid
stripping of solvent from the descending tailings within the
flashing chamber. One or more of the separation vessels can
also include a conical bottom section to facilitate handling of
the undertlow. One or more of the separation vessels can
turther include recirculation lines for recirculate part of the
underflow back into the bottom section of the separation
vessel to promote agitation and increase effective residence
time. One or more of the separation vessels can also include
recycle lines to recycle part of the undertlow back into the
feed stream to maintain constant flow rate of the feed which
may be particularly beneficial during periods of lower flow
rate of incoming solvent diluted tailings.

Multiphase Stream Separation Implementations

As described above, the distributor designs can be used 1n
a single-stage or multi-stage TSRU for recovering solvent
from solvent diluted tailings, which may be derived from an
FSU 1n an o1l sands secondary extraction operation. It should
also be noted that the distributor designs and associated
separation methods can be implemented for other multi-
phase feed streams that include a volatile component and a
liquid or slurry component for flashing and separation the
volatile component.

In some 1implementations, the multiphase feed stream 1s
derived from heavy hydrocarbon or bitumen extraction
operations, from mining and/or 1n situ recovery processes.
The multiphase feed stream can include hydrocarbon solvent
as the volatile component and an aqueous slurry as the
low-volatility component. The aqueous slurry can include
water, mineral solids, as well as residual bitumen or heavy
hydrocarbons. Such multiphase feed streams can be tailings
streams or other streams derived from extraction operations
using hydrocarbon solvent. The volatile solvent component
can be a paraflinic solvent, an aromatic solvent, a naphthenic
solvent, or another type of solvent, or a mixture of hydro-
carbon solvents, where the solvent 1s more volatile than the
aqueous slurry component. In some 1mplementations, the
volatile component and the liquid/slurry component have a
vapor pressure diflerence similar to or greater than the
vapour pressure difference between water and a C, to C,
alkane.

In some implementations, the multiphase feed stream
includes a low-volatility slurry component that includes
erosive material, such as mineral solids, and the separation
process 1s operated to inhibit pre-flashing of the volatile
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component within the distributor. In other implementations,
the low-volatility component can be a liquid that 1s substan-

tially free of solids. Nevertheless, distributor designs and
separation processes described herein can be particularly
beneficial for multiphase streams that include a liquid phase,
a solid phase, and a volatile component that 1s flashed upon
exiting the distributor and then separated as a gas stream.
Bitumen Production from Bitumen Froth

Referring now to FIG. 16, an overall process of treating,
bitumen froth to produce a hydrocarbon product is 1illus-
trated. The bitumen froth 200, which can come from a
primary separation vessel (PSV) of an o1l sands processing
operation, can be fed to a froth separation unit (FSU) 202
which can include first and second stage froth separation
vessels (FSV) 204, 206. Solvent can be added to facilitate
separation. The solvent can be paraflinic or naphthenic.
When paratlinic solvent 1s used, the solvent to bitumen ratio
can be such that asphaltene flocs form and precipitate in the
FSU, thereby producing a partially upgrading solvent
diluted stream 208. Diluted tailings 12 are formed by the
FSU 202, and that stream 1s sent to the TSRU 10, which can
have various features as described herein, to recover solvent
22,30 and produce a solvent depleted tailings 32. The
solvent diluted stream 208 from the overtlow of the first
stage separation vessel 204 can be used as at least part of the
feed for the SRU 216. The SRU produces a hydrocarbon
(e.g., bitumen) product 217 and recovered solvent 218. The
recovered solvent streams 218,22,30 can be recycled back
into the FSU 202, e.g., as part of the main solvent fed into
the undertlow of the first stage FSV 204. It should be noted
that various process configurations can be used to product
the hydrocarbon product from bitumen froth or a similar
emulsion. For example, the FSU can include two or three
vessels, which can be arranged 1n a counter-current configu-
ration, with solvent addition at various locations, and the
TSRU can also include one or more vessels operated using
various approaches. The bitumen froth 200 can be derived
from surface mining, in situ recovery operations, and/or
other bitumen sources.

Experimentation & Modeling

Investigations to identity and assess advantageous dis-
tributor features employed modeling and simulation tech-
niques. Computational Fluid Dynamic (CFD) modeling was
conducted for several distributor designs and geometries to
assess pre-orifice and post-orifice flows in first and second
stage flash vessels.

Ternary Mixture Modeling

Modeling work was conducted to refine and verity ther-
modynamic curve {fitting functions (e.g., critical velocity
versus void {fraction); to verily choking velocity for a
steam-water-solids system (e.g., choking velocity versus
mass fraction of steam for 30 wt % solids, at diflerent
pressures); and to confirm assumptions regarding equilib-
rium temperatures using HYSIS™., Results of the ternary
mixture modeling were used 1n the modeling of the distribu-
tor designs.

Modeling of Distributor Designs

Comparative modeling work was conducted to assess
several optional slotted distributor designs (see FIGS. 3a to
5¢) and a “bulbous”-type distributor having a main conduit
with a relatively large bulbous discharge nose extending
downward near the end of the main conduait.

The “bulbous”-type distributor showed a double-step
change 1n area with a double-step change 1n pressure drop

(630 kPa to 440 kPa to 330 kPa to exit pressure), limiting
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pressure available for flow through orifice. The “bulbous™-
type distributor provided a small tlow area preventing
desired mass flows at operating temperature and pressures.
The “bulbous”-type distributor also displayed a high veloc-
ity (32 m/s) jet region at the distributor exit, and high solvent
concentration at the top end of the main conduait.

Various slotted distributor designs were modeled. Mod-
cling results and associated findings are reported below:

FIGS. 10a to 10c respectively illustrate velocity magni-
tudes, solvent volume fractions, and absolute pressure con-
tours for an example distributor design generally corre-
sponding to the design shown in FIGS. 2, 3, 4 and Sc. For
this slotted rounded-cap design, solvent mass tlow was not
uniformly distributed among the slots, indicating that slot
areas could be refined to leverage slot flow distribution. For
instance, the modeled slots received 18 wt %, 38 wt % and
44 wt % solvent for the first, second and third slot respec-
tively. In addition, this distributor design presented reduced
solvent pockets at the downstream end; less dead zones; and
flows having high velocity at the slots with dissipation to 7
m/s after 1D (1 pipe diameter) from the slots.

FIGS. 11a and 115 respectively illustrate velocity mag-
nitudes and solvent volume fractions for an example dis-
tributor design generally corresponding to the design shown
in FIG. 5d. For this design, velocity dissipated to 7 m/s after
1D (1 pipe diameter) from the slots. In addition, no solvent
pockets were observed at the top end of the distributor,
although some slugging of solvent to the slots was present.

Additional modeling was conducted to refine the features
of the distributor design of FIG. 5¢, particularly with respect
to distributor discharge coeflicient, and slot orifice size,
shape and location. The discharge coefhicient aflects the
distributor open area and thus the discharge velocity out of
the distributor, and therefore was assessed in CFD and via
the Omega method.

Three geometries with different total open areas were
assessed (Equivalent Diameter D, =112 mm, 122 mm and
130 mm). The results indicated no significant change 1n
solvent volume fraction contours, and that the maximum
velocity through the slots increased as the open area
decreased with the jet sheets coalescing shortly after the
slots.

The spacing between the slots was also varied by a factor
of two for comparison. The results indicated that there was
no change on the upstream flow within the distributor, and
there was weaker 1nteraction between the jet sheets for the
increased slot spacing.

Sharp-edge and thick-edge slot orifice flows and their
discharge coellicients were also assessed. The thick-edge
design did not present significant difference in terms of the
jet interaction, but the discharge coetlicient for the thick-
edge was higher compared to the sharp-edge orifice for all
slots (about 0.04 to 0.07 higher depending on the slot). In
addition, a sharp-edge more precisely defined the discharge
coellicient and thus can provide more confidence i the
discharge coeflicient of the as-manufactured distributor.

Iso-surtaces of pressure for pentane saturation properties
were also assessed and confirmed no pre-flashing upstream
of the slots for the various slotted distributor designs.
Comments on Modeling Approach

The modeling approach to assess distributor design fea-
tures 1included the following:

(1) Estimation of the required distributor opening size for
pre-tlashing mitigation was based on modified Homo-
geneous Equilibrium Model (also referred to as HEM)
for sizing safety valves for two-phase liqud/vapor
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relief, using the first stage separation vessel operating

conditions for an example TSRU.

(11) Estimation method for distributor opeming size was
performed to ensure over-estimation of the aperture
size. By over-estimating the opening size, the initial
distributors that are constructed and istalled in the
TSRU can be advantageously assessed during field
operation and are sure to not require larger open areas
which would be difficult to do (re-drilling or cutting
larger apertures would be very dificult due to the
mechanical properties of the distributor materials
which are designed to handle erosive and high pressure
conditions). For example, nitial “over-designed™ dis-
tributors can be installed and operated such that any
pre-flashing due to the opening size 1s avoided by
modilying one or more process parameters, such as
recirculating underflow back into the feed stream and/
or adding cold or hot liquid (e.g., water) into the fee
stream to eflectively increase the pressure drop across
the apertures. The TSRU can be operated 1n this manner
until the initial distributors are replaced with re-de-
signed distributors with smaller opening size based on
the empirical data of the operating TSRU. Another
example of operating the 1nitial over-designed distribu-
tors 1s to equip the distributors with an overlay plate 70,
as 1llustrated 1n FIGS. 15a to 154, or another type of
size-reducing element. The plate 70 can be rapidly
manufactured to have openings that align with the
apertures of the distributor 1 order to reduce the

cllective size of the throat through which the fluid

passes. For example, for an over-designed distributor
with an opening size of S; (FIG. 15a), an overlay plate
70 can be mserted such that the adjusted opening size
1s S, (FIG. 155 or 15¢). Once the over-designed dis-
tributor 1s due for replacement or the TSRU requires
maintenance, a re-designed distributor can be installed
with an adjusted opening size S, that 1s smaller than S,.
S, can be provided to eliminate or reduce the need for
an overlay plate 70 and/or for certain process adjust-
ments like recirculation or increasing pressure drop
across the apertures. It should also be noted that a
further re-designed distributors could be used in sub-
sequent replacements depending on additional empiri-
cal data obtained from operation of the TSRU and/or
planned changes to operating parameters. The HEM
was an example of a modelling tool that facilitates
over-estimating the 1imitial opening size for the distribu-
tors.

(111) Evaluation of the distributor geometries for tlow field
optimization by modelling the flow 1n two parts using
computational fluid dynamics (CFD). The CFD models
were provided such that the results bracketed the pro-
cess design conditions. The two modelling parts were:
(a) Pre-orifice modelling (first stage separation vessel),
using CFD models to evaluate the multiphase tlow
distribution approaching the distributor prior to any
liquid flashing to vapour, and (b) post-orifice modelling
(second stage separation vessel), using CFD models to
cvaluate the multiphase flow distribution leaving the
distributor aifter flashing has occurred.

It should be noted that modeling assumptions can be
tailored for the given distributor application and multiphase
stream to be processed. For example, for a TSRU that
receives a feed stream from an FSU in which paraflinic
solvent was used, the pre-orifice conditions can assume that
a certain percentage of the solvent (e.g., 5 wt %) 1s bound 1n
precipitated aggregates and 1s therefore included in the
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slurry phase while the remaining solvent 1s free, and post-
orifice conditions can be based on all bound and free solvent
flashing to vapour.

Comments on Modeling Findings

It was found that 1t 1s advantageous to avoid a step change
in area between the lance and the distributor openings, and
that the distributor apertures can thus be designed as slots
(e.g., rectangular cut-outs) from a pipe of equal diameter to
that of the lance 1n order to generally eliminate a step change
in area prior to the slot opemings themselves.

In addition, 1t was found that a slotted geometry can
provide a thin sheet-like distributor tflow, which can dissipate
more readily than a circular jet of the same flow conditions,
and thus avoiding circular distributor apertures can be
advantageous.

The mvention claimed 1s:

1. A process for producing a bitumen product from
bitumen froth, comprising:

adding a solvent to the bitumen froth to produce a solvent

diluted froth;

separating the solvent diluted froth to produce a solvent

diluted bitumen component and solvent diluted tail-
1ngs;

recovering solvent from the solvent diluted tailings,

wherein the recovering comprises:

introducing the solvent diluted tailings to a flashing

chamber of a flash vessel through a distributor extend-
ing within the flashing chamber, the distributor com-
prising:

a tubular portion comprising:

a cylindrical wall defiming a feed conduit for receiving the

solvent diluted tailings; and

multiple spaced-apart pressure let-down slots provided

through the cylindrical wall and spaced apart along a
length thereof, the pressure let-down slots having a
transverse orientation with respect to a longitudinal
ax1s of the tubular portion and providing fluid commu-
nication between the feed conduit and the flashing
chamber for introducing the solvent diluted tailings into
the flashing chamber; and

a closed end portion connected to a downstream extremity

of the tubular portion;

recovering tlashed solvent from the tlashing chamber as a

solvent overhead stream; and

recovering a solvent depleted tailings component from the

flashing chamber as an underflow stream; and
reusing the recovered solvent in the process;

recovering solvent from the solvent diluted bitumen com-

ponent to produce a recovered solvent stream and a
bitumen product.

2. The process of claam 1, wherein the tubular portion
extends from a side wall of the flash vessel into the flashing
chamber, has a substantially horizontal orientation within
the flashing chamber, and 1s substantially linear within the
flashing chamber.

3. The process of claim 2, wherein the tubular portion 1s
configured such that the feed conduit has a substantially
constant diameter along a length thereof.

4. The process of claim 1, wherein the tubular portion 1s
a pipe section and the pressure let-down slots are rectangular
cut-outs in the cylindrical wall of the pipe.

5. The process of claim 1, wherein multiple distributors
are used 1n the flashing chamber.

6. The process of claim 1, wherein the pressure let-down
slots are provided along a common side of the tubular
portion.
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7. The process of claim 6, wherein the pressure let-down
slots are positioned on a bottom part of the tubular portion
to introduce the solvent diluted tailings downwardly into the
flashing chamber.

8. The process of claim 1, wherein the pressure let-down
slots each extend along about 20% to about 50% of the
circumierence of the tubular portion.

9. The process of claim 1, wherein the pressure let-down
slots comprise at least three pressure let-down slots that are
clustered together proximate to the closed end portion.

10. The process of claim 1, wherein the pressure let-down
slots each comprise a throat defined by throat walls, an
upstream edge, a downstream edge, an inlet, and an outlet,
wherein the throat walls include smooth surfaces to inhibit
cavitation within the throat or the upstream edge 1s smooth-
edged to inhibit cavitation within the throat.

11. A process for producing a bitumen product from
bitumen froth, comprising:

adding a solvent to the bitumen froth to produce a solvent

diluted {roth;

separating the solvent diluted froth to produce a solvent

diluted bitumen component and solvent diluted tail-
1ngs;

recovering solvent from the solvent diluted tailings,

wherein the recovering comprises:

introducing the solvent diluted tailings to a flashing

chamber through a distributor extending within the
flashing chamber, the distributor comprising:

a tubular portion extending into the tlashing chamber, the

tubular portion comprising;

a tubular wall defining a feed conduit for receiving the

multiphase stream; and

multiple spaced-apart pressure let-down apertures pro-

vided through the tubular wall and spaced apart along
a length thereof, the pressure let-down apertures pro-
viding flmd communication between the feed conduit
and the flashing chamber for introducing the multi-
phase stream into the flashing chamber; and

a closed end portion connected to a downstream extremity

of the tubular portion, the closed end portion compris-
ing tapered walls defining a flow redirection zone to
redirect a bypassed portion of the multiphase stream
back toward the pressure let-down apertures;

recovering flashed solvent from the flashing chamber as a

solvent overhead stream; and

recovering a solvent depleted tailings component from the

flashing chamber as an underflow stream;

reusing the recovered solvent in the process; and

recovering solvent from the solvent diluted bitumen com-

ponent to produce a recovered solvent stream and a
bitumen product.

12. The process of claim 11, wherein the tapered walls
comprise curved internal surfaces shaped to define the tlow
redirection zone 1n the shape of an ellipsoid cap having an
axis generally aligned with a longitudinal axis of the tubular
portion.

13. The process of claim 12, wherein the ellipsoid cap 1s
a degenerate ellipsoidal cap.

14. The process of claim 11, wherein the curved internal
surfaces are continuous and smooth.

15. The process of claim 11, wherein the closed end
portion and the tubular portion have an integral one-piece
structure, and the curved internal surfaces are machine-
milled.

16. The process of claim 11, wherein the curved internal
surfaces are substantially symmetrical about a central lon-
gitudinal axis.
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17. The process of claim 11, wherein each pressure
let-down aperture 1s shaped as a transverse slot.

18. The process of claim 11, wherein the tubular portion
extends from a side wall of the flash vessel ito the flashing
chamber, has a substantially horizontal orientation within
the flashing chamber, and 1s substantially linear within the
flashing chamber.

19. A method for producing a bitumen product, compris-
ng:

adding a solvent to the bitumen froth to produce a solvent

diluted froth;

separating the solvent diluted froth to produce a solvent

diluted bitumen component and solvent diluted tail-
1ngs;
recovering solvent from the solvent diluted tailings,
wherein the recovering comprises introducing the sol-
vent diluted tailings to a flashing chamber through a
distributor extending within the flashing chamber,
wherein design and implementation of the distributor
COMPrises:

providing the flashing chamber with an over-designed
distributor having an over-estimated opening size
based on an 1itial process design mode;

operating the flashing chamber 1n an adjusted mode

compared to the 1nitial process design mode to account
for the over-estimated opening size of the over-de-
signed distributor;

replacing the over-designed distributor with a re-designed

distributor having an adjusted opening size determined
based on operation of the flashing chamber in the
adjusted mode with the over-designed distributor; and
operating the flashing chamber with the re-designed dis-
tributor according to the 1nmitial process design mode;

recovering flashed solvent from the flashing chamber as a

solvent overhead stream:; and

recovering a solvent depleted tailings component from the

flashing chamber as an underflow stream; and
reusing the recovered solvent in the process;

recovering solvent from the solvent diluted bitumen com-

ponent to produce a recovered solvent stream and a
bitumen product.

20. The process of claim 1, wherein the cylindrical wall
defines a constant diameter of the tubular portion, the tubular
portion extending from a side wall of the flash vessel into the
flashing chamber with a substantially horizontal orientation
within the flashing chamber.

21. The process of claim 1, wherein the pressure let-down
slots have a slot length between 6 inches and 10 inches.

22. The process of claim 21, wherein the pressure let-
down slots have a width between about 0.75 inch and 1.25
inches.

23. The process of claim 1, wherein the tubular portion (a)
1s substantially cylindrical, (b) extends from a side wall of
the flash vessel into the flashing chamber with a substan-
tially horizontal orientation within the flashing chamber, and
(c) 1s substantially linear within the flashing chamber; and
wherein the pressure let-down slots (1) are rectangular
cut-outs in the tubular wall, (11) are positioned on a bottom
part of the tubular portion to mtroduce the solvent diluted
tailings downwardly into the flashing chamber, (111) each
extend along about 20% to about 50% of the circumierence
of the tubular portion, and (1v) comprise at least three
pressure let-down slots that are clustered together proximate
to the closed end portion.

24. The process of claim 10, wherein the throat comprises
a tapered shape defined by the outlet being wider than the
inlet.
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25. The process of claam 10, wherein the upstream edge
ol the throat 1s bevelled or chamfered.

26. A process for producing a bitumen product from
bitumen froth, comprising:

adding a solvent to the bitumen froth to produce a solvent

diluted froth;

separating the solvent diluted froth to produce a solvent
diluted bitumen component and solvent diluted tail-
ngs;

recovering solvent from the solvent diluted tailings,

wherein the recovering comprises:
introducing the solvent diluted tailings to a flashing

chamber through a distributor extending within the
flashing chamber, the distributor comprising;
a tubular portion extending into the tlashing cham-
ber, the tubular portion comprising;
a cylindrical wall defining a feed conduit for
receiving the multiphase stream; and
multiple spaced-apart pressure let-down apertures
provided through the cylindrical wall and
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spaced apart along a length thereof, the pressure
let-down apertures providing fluid communica-
tion between the feed conduit and the flashing
chamber for introducing the multiphase stream
into the flashing chamber; and

a closed end portion connected to a downstream
extremity of the tubular portion, the closed end
portion comprising tapered walls with curved
internal surfaces defining an ellipsoid cap;

recovering flashed solvent from the flashing chamber as a
solvent overhead stream; and

recovering a solvent depleted tailings component from the
flashing chamber as an undertlow stream;

reusing the recovered solvent in the process; and

recovering solvent from the solvent diluted bitumen com-
ponent to produce a recovered solvent stream and a bitumen
product.
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